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Zdroje: aminokyseliny sacharidy mastne kyseliny +
glycerol




Oxidacni dekarboxylace pyruvatu:
pyruvatdekarboxylasovy (pyruvatdehydrogenasovy) komlex
CH;-CO-COO- + NAD* + HSCoA — AcSCoA + NADH + H* + CO,
multienzymova jednotka: 3 enzymy mnohokrat opakované

Escherichia coli: 24 polypeptidt, M, =4,8.10° Da
Bacillus stearothermophilus: 60 polypeptidd, M, = 10.10° Da

5 kofaktoru: TPP, lipoat, CoA, FAD, NAD+
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Cbr. 18-3

Pét reakci multienzymového komplexu pyruvétdehydrogenasy. E1 (pyruvétdehydrogenasa) obsahuje TDP
a katalyzuje reakce 1 a2 E; (dihydrolipoylacetyltransferasa) obsahuje lipcamid a katalyzuje reakci 3.
Es (dihydrolipoyldehydrogenasa) obsahuje FAD adisulfid (schopny pulsobit v oxidacné-redukénich
reakcich) a katalyzuje reakce 4 a 5.



Citratovy cyklus,
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Regulace CKC

Tabulka 19-3
Stadardni zmény volné energie (AG®") a l’ync]og:cke zmény volné energie (AG) reakef
citratového cykin

_ AG AG
Reakee Enzym kJ/mol kJ/mel

A citrdtsynthasa -315 negativni

2 akonitasa =3 =()
e isocitratdehydrogenasa -21 negativni
k. 2-oxoglutardtdehydrogenasovy komplex -33 negativni

5 sukcinyl-CoA-synthetasa ” -2,1 =0

6 sukcindtdehydrogenasa +6 =0

7 fumarasa -34 a=(}

8

malatdehydrogenasa +29,7 =0




Pyruvate
@NADH, Acetyl CoA, ATP
® AMP

Acetyl CoA
@NADH, Citrate, Succinyl CoA, ATP

Oxaioacetate Citrate
@NADH
Malate Isocitrate
XNADH, ATF
Citric (®NADT, ADP
acid :
cycle
Fumarate a-Ketoglutarate
(GONADH, Succinyl CoA, ATP
@® NAD’, ADP
Succinate Succinyl CoA

Figure 11.13. Controls of the citric acid cycle. (X) Inhibitor, (P)activator.



Regulace pyruvatdehydrogenasy - vstup do CKC
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Anaplerotické dgje:

- karboxylace C3 sloucenin:

CH,-CO-COO- + CO, + ATP + H,0 — -O0OC-CH,-CO-COO- + ADP + P,

fu? O=C—0
°F 9 c=o
¢—0—P—0 + CO, o + P,
_ |
CH, O CH

2 | 2

fosfoenolpyruvat 0=C-0



Anaplerotické déje:

Gkyoxalatovy cyklus

Rostliny, plisné, houby,
protozoa, bakterie

2 AcCoA + NAD* — sukcinat + NADH + H*

GLYOXYSOME

Acetyl CoA
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SACHARIDY

POJMY:

sacharidy, cukry, aldosy, ketosy

monosacharidy, oligosacharidy, polysacharidy

uhlohydraty, uhlovodany (fuj!!)

oteviené a cyklické formy monosacharidi, pyranosa, furanosa
stereocisomerie monosacharidu, Fischerovy a Haworthovy vzorce
konfigurace, chiralita, opticka aktivita, konformace

optickeé antipody, enentiomery, diastereoisomery, epimery

o~ a B-anomery, mutarotace

poloacetalovy hydroxyl, glykosidova vazba (O-, N- a S-glykosidy)
heteroglykosid = aglykon + glykosyl

redukujici a neredukujici sacharid, redukujici a neredukujici konec retézce
triosy ... heptosy




Monosacharidy
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HE=0 H,C-OH
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H OOH
OH HO
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o-D -galaktosa (galaktopyranosa)

a-D-mannosa (mannopyranosa)



B-D-glukosamin
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OLIGOSACHARIDY

H,C—OH
——O
H H
H
HO—CH, R H/on
HO 00 4 OH
H
INOH  H/p,
H OH
a-D-glukopyranosa B-D-fruktofuranosa B-D-galaktopyranosa a-D-glukopyranosa
sacharosa a-D-laktosa vazba B(1—4)

H,C-OH

a-D-glukopyranosa a-D-glukopyranosa

-D-glukopyranosa -D-glukopyranosa
a-D-maltosa vazba a(1—4) p-D-glukopy a-U-glukopy

a-D-cellobiosa vazba B(1—4)



POLYSACHARIDY

Sekundarni struktury: natazeny pas, helix

ZASOBNi POLYSACHARIDY:
- Skrob (polyglukan, vazby o(1—4)), rostlinny ptvod,
amylosa: nevétveny linearni polymer, rozp. ve vode,
Mh 40 - 150 kDa, primérné 20 %
amylopektin: vétveny (vazby o(1—6)) po 20 - 30 jedn.)
prumyslova surovina (modifikované Skroby, dextriny)
- glykogen, "Zivocisny skrob"
podobny amylopektinu, Castégji vétveny
jaterni bunky (20 %), svaloveé (1 %), rychly obrat
- inulin (polyfruktan, B(2—1) vazby), asi 30 jedn.
rostlinny zasobni sacharid (Cekanka, topinabur, jifiny)
infuse pro diabetiky
- dextrany (polyglukany, predevsSim vazby o(1—6))
puvod: mikroorganismy a rfasy
vyuziti: chromatog. material, infuse
- agarosy a carrageenany (polygalaktany)
kultivacni pudy, nosic pri elektroforese, imobilisace bunék, potravinarstvi ,



atazeny pas M oy

a(1,4)-linked o-glucose units
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B(1,4)-linked p-glucose units




STAVEBNi POLYSACHARIDY:
- celulosa (polyglukan, vazby B(1—4))
bunécné stény rostlin a nékterych mikroorganismu
nejrozSirenégjSi organicka latka na Zemi
- hemicelulosy (obsahuji glukosu, xylosu, galaktosu, mannosu, arabinosu,
uronove kys.)
"spojovaci tmel" stavebniho materialu rostlinnych tél
(drevo: celulosove fibrily, hemicelulosy, pektiny, glykoproteiny, lignin = malo
definovana aromaticka org. makromolekularni struktura)
- pektiny polygalakturonové kyseliny, vazby a(1—4), CasteCné methylestery,
pricné vazby pomoci Ca2* nebo Mg2+*
v ovoci (dzemy, marmelady)
- chitin (poly-N-acetylglukosamin, vazby p(1—4))
korysi, zelvy, hmyz, nékteré mikroorganismy
Glykosaminglykany = mukopolysacharidy
-extracelularni kyselé polysacharidy
hyaluronova kys. (glukuronat), mureiny (muramat)
chondroitinsulfaty, dermatansulfaty, keratansulfaty, heparona (sulfat)
heparin
Glykoproteiny
- O- a N-glykoproteiny



Metabolismus sacharidu

Degradace:
Glykolysa (glykogenolysa)

Pentosovy cyklus

Synthesa:
Glukoneogenese , synthesa polysacharidu

Calvinliv cyklus (temna faze fotosynthesy)



Fosforolytické stépeni glykogenu

CHzﬂH CH,0OH CH,OH
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? Starch or glycogen with n glucose units
HO— ||3— o
;! CH,OH CH,OH CH,OH
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H QH
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Glucose-1-phosphate Starch or glycogen with n =1 glucose units



Hormonalni regulace aktivity glykogenfosforylasy

Epinephrine Glucagon
(liver & muscle) (liver only)

Membrane receptor

— Cell membrane

Adenylate

/ cyclase
Active
(GTP) IW Active

GDP ATP — cAMP + PP;

GTP QE _l, © . [RHcAwP),

Inactive
(GDP)

(©IR] © ° [RlcAmP),
Protein kinase Protein kinase
inactive active

|

Phosphorylase —=— Phosphorylase
kinase (inactive) kinase (active)

Phosphorylase b ———= Phosphorylase a

inactive S active

Glycogen —=1— Glucose 1-phosphate

MUSCLE
GLYCOLYSIS Glucose 6-phosphate
| |
Lactate Glucose + P,

| |

v ¥
BLOOD LACTATE BLOOD GLUCOSE

-

Amplifikace signalu

Receptor na plasmatické
membrané

Aktivace G proteinu (GTPasa)
Aktivace adenylatcyklasy — cAMP
= druhy posel

Aktivace proteinkinasy —

fosforylace (aktivace)
fosforylasakinasy

fosforylace (aktivace) fosforylasy b

Stépeni glykogenu



Glykolysa
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Mlécna fermentace

el HADH Bl

LDH

2
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Ethanolova fermentace

{B) FERMENTATION LEADING TO EXCRETION OF ALCOHOL AND CO3

2[NAD =

. o )

T S NAD

PRI, ol i

i

n HC=0

T =0 i ' | Alkoholdehydrogenasa]
CH; H Chla

5 2 ¥ acotaddehyde

H%—GH

| CH,

2% COs 2 x ethanol



Energeticka bilance odbourani glukosy

aerobni

aktivace glc -1 ATP
fru 1,6 bis P -1 ATP
oxidace GAP (2 NADH + H*) —»  +6 ATP
2 x substratova fosforylace +4 ATP

ox.dekarboxylace pyr (2 NADH+ H*) +6 ATP

2 x CKC +24 ATP
Celkem 38 ATP
Pozor!!!

(Glyceron fosfatove kyvadlo 36 ATP)

anaerobni (fermentace)

aktivace glc -1 ATP
fru 1,6 bis P -1 ATP
oxidace GAP (2 NADH + H*) laktat,etOH
substratova fosforylace +4 ATP

: lace pyr (2 NA -
2 +24 ATP
Celkem 2 ATP



Prenos vodika z cytosolického NADH do mitochondrii

- malat aspartatové kyvadlo

Coo™

HO— (l*— i
Cr,

(I.‘OO'
malat

NAD* ~

H™* +NADH
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+ | R |
H.,N—CH e i
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CH,
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——
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_— & =
2-oxoglutarat pienaset
malat-oxoglutaratovy

CoO~

matrix

(elolon
HO—C—H
|
CH,
|
CcOO™
malat

NAD™
3n 1 1
»NADH + H*
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COO™
=0
Cr,
é()O’
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CH,
|
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Prenos vodiku z cytosolického NADH do mitochondrii
- glycerolfosfatové kyvadlo (létaci sval hmyzu)

H*+ NAD

NAD®

cytosol

dihydroxyaceton-
fosfat

IIZ(T?—OH
T
CH,OPO:~

a__

CH,— OPO

glycerol-3-fosfat

vnitrni

mitochondrialni

membrana

prenos
elektronu

FAD

maftrix

. Glycerol-3-fosfat dehydrogenasa

katalysuje oxidaci NADH
dihydroxyacetonfosfatem

. Oxidace glycerol-3-fosfatu

flavoproteindehydrogenasou — FADH,

. Reoxidace FADH, dychacim retézci —

2ATP



Regulace glykolysy

Reakce glykolysy

Hexokinasa

Glc-6-P isomerasa
Fosfofructokinasa
Aldolasa

Triosafosfat Isomerasa

Glyceraldehyde-3-P dehydrogenasa
& fosfoglycerat kinasa

fosfoglycerat mutasa
Enolasa
Pyruvat kinasa

AG®'
kJ/mol

-20.9
+2.2
7.2
+22.8
+7.9
-16.7

+4.7
-3.2
-23.0

AG
kJ/mol

-27.2
1.4
-25.9
5.9
+4,4
1.1

-0.6
2.4
-13.9



Regulace glykolysy

Enzym I nhibitor Aktivator

hexokinasa Glc-6-P i}

PFK ATP, citrat ADP,AMP,cCAMP, fru-1,6-
bisP, Fru-2,6-bisP

Pyr kinasa ATP -




Katabolismus ostatnich sacharidi - vétSina je
preménéna na intermediaty glykolysy

Galactose
ATP
Glycogen KADP
UDP-Galactose
Glucose 'lr
AR UDP-Glucose
EADP \
Glucose 1-phosphate Glucose 6-phosphate Glucose 1-phosphate

&_,/l &__’/ Mannose
- Fructose 6-phosphate
 ADP / ATP /CATP
% EADP e ADP
e

i Fructose 1,6-bisphosphate T~ Mannose 6-phosphate

Fructose

Dihydroxyacetone — A Glyceraldehyde
ATP Jer phosphate Y 3-phosphate

Fructose ADP
1-phosphate
\ ATP

Dihydroxyacetone +  Glyceraldehyde
phosphate

ADP



Glukoneogenese - G'HGE o :|

tvorba glukosy H,0 Bypass Il AG HK = 32.9
Glucose 6-phosphate (AG =-5.1) ’
Fructose 6-phosphate
P,
(AG =-8.86)

Fructose 1,6-bisphosphate

Dihydroxyacetone phosphate $ Glyceraldehyde 3-phosphate
NAD*
t MADH, H*

1,3-Bisphosphoglycerate
ADP

ATP
3-Phospthycarate

E-Fhusphcxflyoarate

—  Phosphoenolpyruvate

K GDP, CO,
GTP
Bypass | Oxaloacetate NG PK=264
(AG =-22.6) t ADP, P; ’
ATP C02
. Pyruvate
Figure 10.33. The pathway of gluconeogenesis. Free energy changes

(AG") of the bypasses are in kilojoules per mole, determined for liver.



Metabolismus glykogenu

glycagen
synthase

‘ﬁ\ CH,OH

a (1—4) glucose
oligosaccharide primer
(n residues)

o (1—4) glucose
oligosaccharide
{n+1 residues)

branching
l:ll'lzfl'!'l'll:l H 0
H _. .
H o o0

H ou 9 O

uridine diphosphate glucose

glycogen

CH,OH PP

1 |
HONOH H /0-P-0-P-0-CH, _o

pyrophosphalase
—_— P P,

UDP-gic

H™>\H H

OH OH

H UDP-glucose pyrophosphorylase
phospharylase H H uTP
{pyridoxal 5'P)
HONOH  H 0[:!(‘_}32‘
glycogen debranching enzyme I
(i} glycosyliranst H OH glucose
(=t mikee) e oeraeco i-phosphate  G|C-1-P
1 phosphagluco-
mutase
EH o glucokinase ADP CH20P032'
H 0 - ATP haxakinase H 0
-—
HOM OH H/ 0OH HO™ OH H ./ OH
H OH glucose
H OH 6-phosphate
glucose

-Aktivni formy monosacharidu pro synthesu polysacharidu

- prekursor Glc-1-P

NDP-x



Coriho cyklus

jatra krev sval
A = ;
_ |
s ), 3
ADP + GDP + P, = P +ADP§
glukoneogeneze glykogenolyza
a glykolyza .
| % //i
ATP + GTP —*/' ATP = |
\/




Pentosovy cyklus

+ ﬁf-l 3 NADPIH+ CO
NADPH+H
— = ot CH)OH
CH.OPO}  \\pp+ CH,OPOY e 5t H—C—OH NADS -H
YR = N Ra i © Gy
= 0 H—C—OH =<  H-—C—OH
% . J fosfoglukondt H—fl.' —OH
glukosa-6-fosfit- HO G-fosfogluko- H— ?_OH dehydrogenasa I
H OH dehydrogenasa H OH nolaktosa CH,OPO?% CH.OPO3
lukosa-6-fosfat 6-fosfogluno- = ) ) ’
e Gen) 8-lakton $toeto: ribulosa-S-fosfit
glukondit (RusP)
CH,OH s
L
C—0 » 6 T OH = 4
HO = == transketolasa & : OH ribulosa-5-fosfit-
i isomerasad
0 /H H—C —OH H—-C OH
Ne H—( —OH CH,OPO
H—C —OH + H—C —OH ribosa-5-fosfit
CH.OPO? CH,0PO¥ (R5P)
glyceraldehyd-3- sedoheptulosa-7- CH,0H
fosfat (GAP) fosfit (STP) o 5 5 )
Ir J\ - -
HO—(_. _H ]'ihlllnf;i 5-fosfit
| cpImerasa
H—C — OH
7 | transaldolasa e
xylulosa-5-fosfit
v (Xu5P)
CH,OH CH,0H
|
5.1 —0 O% /H C =0
MO =G : s HO=6= R o. H
el
H—( —OH H-—C—0B . .—S B oo .
transketolas: |
HE¢ —oHY 4  CH=C—OH ' HEQOH- +  H=(=0H
I : i
C H,0P0; CH,0POY C H,0PO¥ CH,OPO*
i erythrosa-4- fruktosa-6-fosfat glyceraldehyd-3
-6-fosfiat
rmkt??gp) i fostit (E4P) (F6P) -fosfit (GAP)

Sumarné: Glc-6-P + 12 NADP* — 6CO, + 12 NADPH



Pool hexosafosfatu

Phosphorolysis of —>  Glucose-1-phosphate (3%) — = Polysaccharide
storage polysaccharides synthesis
Phosphorylation of —>  Glucose-6-phosphate (65%) ——— Pentose phosphate
glucose by ATP pathway
Gluconeogenesis or —  Fructose-6-phosphate (32%) —— Glycolysis

photosynthesis
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Flgure 10.1.  Diagram showing the major aspects of carbohydrate metabolism in animals: (1) digestion, (2) transport, (3) storage, (4) degradation,
and (5) biosynthesis. Varying portions of the degradative and biosynthetic pathways occur in muscle tissue, the liver, and the blood. An additional
biosynthetic pathway, photosynthesis, occurs in plants and other photosynthetic organisms.



Regulace hladiny krevni glukosy insulinem

glukosa glukcsa.
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Obr. 18-13 Obr, 18-14

Oscilujief konformaéni model glukosového transporu. Regulace pfisunu glukosy do buiiky svalové nebo tukové

Molekula glukosy je nakreslena v priblizné desetindsobném tkand insulinem stimulovanou exocytozou (opak endo-

zvétdeni. cytozy; sekce 11-4C) membranowych vackd obsahujicich
glukosové transportéry (vievo). Po odstranéni insulinu
probihd endocytozou opatny proces (vpravo).
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Temna faze fotosynthesy
- Calvinuav cyklus
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Fotorespirace

Druhym substratem RUBISCO je O,

C4 rostliny
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CAM rostliny (crasulacean acid metabolism)

Darkness Light

€O, uptake and Atmospheric
fixation: leaf
acidification

Decarboxylation of stored
malate and refixation of internal
CO;: deacidification

Closed stoma
prevents H;O loss
and CO, uptake

Open stoma permits
entry of CO; and
loss of H,0

_ See Table 8.3 for description
of numbered sections
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